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An investigation to determine the static stability and control char- 
acteristics associated with two types of variable-sweep wings mounted on 
a fuselage representative of current supersonic fighter airplanes has 
been made in the Langley 300-MPH 7- by 10-foot tunnel. One of the wings 
having an outboard pivot was an advanced design of a previously tested 
wing which indicated small static- stability changes with changes in wing 
sweep. The second wing involved had a pivot-point location inside the 
fuselage, which may be a more desirable location from a structural 
standpoint . 


These low-speed tests indicated that by careful design of the wing 
and location of the outboard pivot the longitudinal stability could be 
maintained at essentially the same level for wing sweepback angles 
of 25° and 75°; thereby the conclusions previously reached with the 
simplified research model were substantiated. An analysis of the pres- 
ent wind-tunnel results for three supersonic designs having combinations 
of a wing and horizontal tail, a wing, horizontal tail and canard sur- 
face, and a wing and canard surface has been made for the configuration 
having an outboard pivot location. The wing and canard- surface arrange- 
ment indicated reduced static margin with increasing sweep. This fact 
may have important implications regarding reductions in the transonic 
stability shift and reductions in trim drag at the design Mach number 
realized from use of a canard surface. 


INTRODUCTION 
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In recent years there has been a renewed interest in variable -wing- 
sweep aircraft generated both by the desire for multimission aircraft and 
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toy the fact that the design supersonic Mach numbers now toeing considered 
are such that considerably greater penalties, associated with the super- 
sonic wing planform requirements, are now toeing encountered at subsonic 
speeds. In addition to the obvious implications at subsonic speeds 
these penalties, through excess fuel consumption, can seriously limit 
the supersonic phase of a given mission. The National Aeronautics and 
Space Administration, therefore, has undertaken a research program for 
the purpose of developing variable-wing- sweep configurations which would 
fulfill the current requirements better than would those developed in 
the past. For example, a considerably higher sweep range is needed 
because of the high supersonic Mach numbers required. Also, a method 
of avoiding the wing translation, utilized in previous variable- sweep 
aircraft as a -means of minimizing the stability changes associated with 
the wing rotation, would be desirable. 

The development of a variable-wing- sweep configuration which appears 
to satisfy reasonably the current requirements is described in refer- 
ence 1, and detailed subsonic, transonic, and supersonic aerodynamic 
data for the configuration are presented in references 2 to 6. This con- 
figuration possessed essentially the same longitudinal stability charac- 
teristics at both 25 ° wing sweep and 75° wing sweep without wing transla- 
tion. However, the wind-tunnel model used in this study was simplified 
in order to be more adaptable to configuration development; therefore, 
it appeared desirable to test the variable -sweep wing developed on a 
model more representative of current fighter airplanes. A research pro- 
gram which will provide such information for a Mach number range from 
low subsonic to a Mach number of 2.0 has, therefore, been initiated. 

In the present investigation, two sets of variable -sweep wings were 
studied. One, which is referred to as configuration I, is an advanced 
version of the outboard pivot design described in references 1 and 2. 
Although the aerodynamic superiority of this type of variable- sweep wing 
over one having an inboard pivot has been fairly well established, the 
possible structural penalties must, of course, be considered in applying 
the principle to an aircraft. It therefore appeared desirable to pro- 
vide aerodynamic data for both types of wings on a given configuration 
in order to facilitate the weighing of aerodynamic and structural con- 
siderations. In view of this a second wing, referred to as configura- 
tion II, having a more conventional planform and a pivot located within 
the fuselage was also tested. 

The purpose of this paper is to present the results of the low- 
speed tests made in the Langley 300-MPH 7 - Ly 10-foot tunnel. 
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SYMBOLS 


The forces and moments are referred to the body axis system except 
the lift and drag which, of course, are referred to the wind axis. (See 
fig. 1.) It is important to note that all coefficients are based on the 
highest sweptback-wing geometry of the configuration in question, nnd 
the moment reference point for both configurations is located 0.609 inch 
above the fuselage center line at a body station 67. 03 percent of the 
body length. The effects of changes in center of gravity due to weight 
associated with changes in the sweep of the wing panels have been neg- 


L 

b 

lected. 

The coefficients and symbols 

are defined as follows: 
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i 

cl 

lift coefficient, Llft 
' qS 


| 

c d 

drag coefficient, 

qS 



Cm 

pitching-moment coefficient 

Pitching moment 
qSc 

% 

c i 

rolling-moment coefficient, 

Rolling moment 
qSb 

•* 

C n 

yawing-moment coefficient. 

Yawing moment 
qSb 


C Y 

lateral- force coefficient. 

Lateral force 
qS 



dynamic pressure, lb/sq ft 



a 

angle of attack, deg 



P 

angle of sideslip, deg 



C l 

4 P 

dC 7 

effective-dihedral parameter, — per deg 

BP 



directional-stability parameter. 


—S, per deg 

Bp 



side-force parameter, 


dCy 

r- — , Per deg 

dp 



•i 


section lift coefficient 


C I 

SCjn 

dC L 



longitudinal- stability parameter 


lift- curve slope, 



per 


deg unless otherwise noted 


Jn B 


h 


yawing-moment effectiveness parameter due to roll control 

Sc, 


n 


S&i 


, per deg 


Z *h 

(L/D) 


max 


Sc 


l 


roll^control effectiveness parameter, , per deg 


SB 


h 


Cl 

maximum lift- drag ratio, — 

C D 


mean aerodynamic chord, 


r 

So 


b/2 


c 2 dy 


So 


b/2 


m. 


c dy 


X c/U 

x c/l 


local chord, in. 
average chord, in. 

longitudinal distance from wing apex to 0.25c, in. 
longitudinal distance from wing apex to 0.25c, 



y 


spanwise distance measured from root chord, in. 
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b 

A 

A 


y LE 


•'ll 


lateral distance from fuselage center line to c, 

pb/2 

/ cy dy 

Jp 

f b/2 

/ 

Jp 


in. 




So 


b/2 


c dy, sq. ft 


wing area including enclosed area, 2 

wing span, in. 
taper ratio 
aspect ratio 

wing leading-edge sweep angle, deg 


horizontal- tail deflection, positive with trailing edge 
down, deg 

canard- surface deflection, positive with trailing edge 
down, deg 

vertical-tail deflection, positive with trailing edge 
left, deg 

wing nose-flap deflection, positive with trailing edge 
down, deg 

horizontal- tail dihedral angle, negative with tip chord 
down, deg 


r c canard dihedral angle, negative with tip chord down, deg 

Configuration component part designations: 


W 

B 

C 

T 


wing 

body 

canard surface 
horizontal tail 
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MODELS 

W 


Configuration I 

Geometric characteristics of configuration I are presented in fig- 
ure 2, and photographs of this configuration in the tunnel showing the 
wing-sweep angles of 25° and 75° are presented as figure 3* 

The fixed portion of this configuration had a leading-edge sweep 
of 60°, and the leading edge intercepted the fuselage center line at a 
station 17-9 inches from the nose. The outer panel with the wing leading 
edge swept hack 25° had an NACA 65AOO6 airfoil section in the streamwise 
direction, and the inboard or fixed portion of the wing had an NACA 
65A004.4 airfoil section in the streamwise direction. The pivot-point 
location for the configuration corresponded to 51*08 percent of the 
semispan of the wing swept back 75° and was located 0.735 inch behind 
the moment reference point. This pivot location was selected primarily 
from stability considerations. (See ref. 1.) The wing was displaced 
vertically 1.775 inches above the fuselage reference line. 

A 15-percent- chord leading-edge flap was tested with the wing swept 
back 25° in an effort to increase the maximum lift-drag ratio of this 
configuration . 

The horizontal tail employed in this investigation had an aspect 
ratio of 2.425, based on the exposed area and span with a leading-edge 
sweepback of 51*7°* These panels could be deflected 5, 0, -5, -10, 
and -15 to provide pitch or roll control and could be set at dihedral 
angles of 0° and -20°. 

The canard surfaces were of wedge airfoil section with a fixed 
dihedral position of -20°. Incidence angles of ±10° could be obtained 
with these controls. 

The fuselage used in this investigation was representative of cur- 
rent high-speed, twin-engine fighter airplane having a high- fineness- 
ratio forebody ahead of the engine inlets and with the engines housed 
in the fuselage. The entrance or capture area of the inlets was 
6.020 sq in. and the exit area was 7.192 sq in. 


Configuration II 

Geometric characteristics of configuration II are presented in 
figure 4, and photographs of this configuration in the tunnel with the 
wings swept back 43.03° and 7O.5O 0 are presented as figure 5. The small 
fixed glove at the wing- fuselage juncture had a leading-edge sweep 
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of 60°, with the wing-apex intercept at the same position, as for con- 
• figuration I. The wing with the leading edge swept back 43.03° had an 

MCA 65AOO5 airfoil section in the streamwise direction. The wing 
pivot point was located within the fuselage and corresponded to 
28.05 percent of the wing semi span for the 70*50° sweepback condition 
and was located 3-85 inches ahead of the moment reference point. This 
pivot location was selected primarily from structural considerations. 

The wing was displaced vertically 1.775 inches above the fuselage 
reference line and was tested at leading-edge sweepback angles of 
30.00°, 43.03°, 60.50°, and 70.50° with aspect-ratio variation of 
4.494, 4.000, 2.582, and 1.754, at zero incidence and dihedral. 

Control surfaces for this configuration were the same as those for 
configuration I, and the relative positions and pertinent geometry of 
these controls are presented in figure 2. 

TESTS AND CORRECTIONS 


The tests were made in the Langley 300-MPH 7 - by 10-foot tunnel 
at a tunnel dynamic pressure of 80 lb/sq ft for configuration I and 
63 lb/sq ft for configuration II. 

The Reynolds number for configuration I, based on the mean aero- 
dynamic chord of the wing swept back 75°, was 2.382 x 10^, and the 
Reynolds number for configuration II, based on the wing swept back 70.50°, 

was 2.219 x 10^. The models were sting-mounted (figs. 3 and 5) and all 
forces and moments were measured with a six- component strain-gage 
balance . 


Jet-boundary corrections as determined from reference 7 have been 
applied to pitching moment, drag, and angle of attack. Blockage cor- 
rections as determined by the methods of reference 8 have been applied 
to the dynamic pressures and drag. The base pressure was measured and 
the drag was adjusted to a condition of free-stream static pressure at 
the base. The internal duct drag was also measured and subtracted from 
the total drag. The angle of attack and angle of sideslip have been 
corrected for sting bending and balance deflections under load. 


Transition was fixed on all surfaces including the fuselage. Num- 
ber 100 carborundum grains were used at the 10-percent streamwise chord 
lines for the wings of configurations I and II swept back 25° and. 30.00°, 
respectively, and on the horizontal and vertical tails^at similar posi- 
tions. The fuselage transition strip was placed at a position 10 per- 
cent of the fuselage length aft of the nose. 
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PRESENTATION OF RESULTS 


A fairly extensive investigation of the stability and control char- 
acteristics of configurations I and II has been made at low subsonic 
speeds, and in order to aid in locating a particular set of data, tables 
showing the locations by figure number of the basic data for both con- 
figurations are given in this section. 

Configuration I .- 

Figure 

Longitudinal aerodynamic characteristics: 

Wing-sweep effects with canard surface off; = 0°; 

6 h = 0° 6 

Effect of horizontal-tail incidence with canard surface 
off; T t = 0° - 

Ale = 25° 7 

Am = 75° 8 

Effect of horizontal tail with canard surface on; 6 C = 0° - 

ale = 25°; r t = o° 9 

ale = 75°; r t = o° or -20° 10 

Effect of horizontal -tail incidence with canard surface off; 

I\ = -20° - 

Ale = 25° 11 

Ale = 75° 12 

Effect of horizontal tail with and without canard surfaces - 

Ale = 25° 15 

Ale = 75° ^ 

Effect of wing leading-edge flap with canard surface off; 

a le = 25° 15 

Effect of inboard wing leading-edge extension with canard 

surface off; = 75° 3.6 

Lateral aerodynamic characteristics: 

Effect of various component parts - 

ale = 25 0 17 

a le “ 75° 18 

Wing sweep effects, canard surface off, horizontal 

tail on 3-9 

Vertical-taii control with canard surface off; 

Ale = 75° 20 
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Configuration II .- 

Figure 

Longitudinal aerodynamic characteristics: 

Wing sweepback effects with canard surface off - 

Horizontal tail on, = 0 ° 21 

Horizontal tail off 22 

Effect of horizontal-tail deflection with canard surface 
off; r t = 0 ° - 

= 30 .oo° 23 

ale = ^ 3 . 03 ° 24 

= 60.50° 25 

Ale = 70 . 50 ° 26 

Effect of horizontal- tail deflection with canard surface 
off; r t = -20° - 

Ale = 60-50° 27 

Ale = 70.50° 28 

Effect of horizontal- tail deflection with canard surface 
on; F t = 0° - 

Ale = 30.oo° 29 

ale = 43.03° 30 

a le = 60.50° 31 

A^ = 70 . 50 ° 32 

Wing sweepback effects, canard surface on, horizontal 

tail on 33 

Effect of canard-surface control for wing sweepback 

of 70.50°; r t = 0° 34 

Effect of various component parts - 

a LE = 30 . 00 ° . 35 

Ale = ^ 3 - 03 ° 36 

a le = 60.50° 37 

Ale = 70.50° 38 

Effect of adding Wing glove to wing with canard surface 

off; Ale = ^ 3 - 03 ° 39 

Lateral aerodynamic characteristics: 

Effect of various component parts; A f ^ = 70 . 50 ° 40 

Horizontal- tail roll control with canard surface off; 

Ale = 70 . 50 ° . . . 41 


Summary plots are presented, in figures 42 to 44 and for the most 
part the discussion will he limited to these figures in order to expe- 
dite publication. 

DISCUSSION 


Longitudinal Stability and Control 

Figure 42(a) presents the variation of pitching moment with lift 
coefficient for configurations I and II with the horizontal tail off 
for the range of wing leading-edge sweep angles tested. Both configu- 
rations indicate increasing instability with increasing lift coefficient. 
In addition, the results for configuration II indicate a rather large 
variation in stability level with sweep variations. 

The results with the horizontal tail on are presented in fig- 
ure 42(b), and it will be noted that for both configurations the addi- 
tion of the tail tended to linearize the variation of pitching moment 
with lift coefficient. This favorable effect is associated with the 
location of the horizontal tail below the chord plane. However, a wide 
variation of stability with sweep angle is still encountered for con- 
figuration II with appreciable nonlinearities in pitching moment indi- 
cated for all sweepback angles except 7 O. 5 O 0 . For configuration I, the 
change in stability level realized from increasing sweep is very small 
compared with the large change in stability encountered for 
configuration II. 

A comparison of the variation of longitudinal low-lift stability, 
untrimmed maximum lift-drag ratios, and lift-curve slope with changes 
in wing leading-edge sweep angle is presented in figure 4 5 for the two 
configurations tested. A change in static margin of approximately 
11.5 percent c is noted for the wing-body combination and a change 
of approximately 14 percent c in static margin for the wing-body- tail 
combination of configuration II is encountered when sweeping the wing 
through a range of 40.50°. For the wing-body-tail combination of con- 
figuration I, however, an increase in stability of only 2 percent c 
is noted for an increase of 50° in sweep. It must be kept in mind that 
at some intermediate sweep a somewhat larger rearward shift will be 
encountered (see ref. 2). However, since this higher static margin 
will be encountered only during transition between the design sweep 
angles, it appears to pose no problem. An interesting point shown in 
figure 45 for configuration I is that for the tail-off configuration 
the aerodynamic -center location for the 75° sweep condition is ahead 
of the aerodynamic center location for the wing leading-edge sweep 
of 25°. This is a rather graphic illustration of the effectiveness of 
this type of variable -sweep wing in controlling the stability. The 
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increase in stability of the low-sweep condition over that of the high- 
sweep condition is due to the fact that the instability associated with 
the fixed portion of the wing is reduced because of the increase in 
overall lift-curve slope which accompanies the reduction in wing sweep. 
For the case presented herein this more than compensates for the for- 
ward movement of the outer panel aerodynamic center. 

With regard to the variation of the lift-curve slope with sweep 
angle, the results (fig. 43) for both configurations indicate a decrease 
of approximately 50 percent at low angles of attack as the sweep is 
increased from the minimum to the maximum angle. This decrease, of 
course, would provide appreciable reduction in the gust loads encoun- 
tered in a low-level mission with the wing in the high-sweep position. 
For landing, take-off, and low-speed loiter, advantage could be taken 
of the higher lift and corresponding lower drag due to lift (as indi- 
cated by the lift-drag ratios of fig. 4-3) associated with the low-sweep 
high-aspect-ratio wing setting. Large decreases in (L/P) Y with 

increases in sweep are noted for both configurations as would be 
expected. A comparison of values of untrimmed (L/D)^^ with and 

without the horizontal tail is also presented in figure 43 for both 
configurations. Addition of the horizontal tail reduces the values of 
(L/D) max for both configurations with the wing in the least sweptback 

position = 25° for configuration I and Agg = 30.00° for con- 

figuration II ). This effect is seen to diminish with increasing sweep, 
apparently due to changes in wing- induced- flow characteristics on the 
horizontal tails. With regard to the lift-drag ratios, it must be 
realized that considerably higher values would be expected at flight 
Reynolds numbers. 

Regarding longitudinal control, the basic-data plots indicate suf- 
ficient horizontal-tail effectiveness throughout the entire lift range 
for all configurations at subsonic speeds. 

Since configuration I appears more desirable from a longitudinal- 
stability standpoint (through a minimum of aerodynamic- center shift 
with wing sweep) while maintaining essentially the same variation in 
lift-curve slope and lift-drag ratio, an analysis was made of three 
arrangements of configuration I considered as possible supersonic air- 
planes, and the results are presented in figure 44. The arrangements 
presented include combinations of a wing and horizontal tail, a wing, 
horizontal tail, and canard surface, and a wing and canard surface. 

For comparison purposes, the moment reference location for the three 
configurations has been adjusted so that for the 25° wing-sweep con- 
dition each configuration has the same static margin of about 
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Sweeping the wing from' 25° to 75° for the combination of the wing 
and horizontal tail results in an increase in stability of about 2 per- 
cent c; whereas the combination of wing, horizontal tail, and canard 
surface indicates no increase in stability, and the combination of the 
wing and canard surface provides a decrease in stability for increasing 
sweep. For the moment reference chosen, the combination of the wing 
and canard surface shows essentially neutral stability for the 75° sweep 
condition. An arrangement of this type may prove useful as viewed from 
the effects of minimizing transonic aerodynamic-center shift. If the 

configuration were considered to have a static margin of ^ percent c 

with a wing sweep of 25° at subsonic speeds, and were designed for 
supersonic speeds with the wing swept back 75°> then, the total increase 
in static margin realized from sweeping to 75° and increasing Mach num- 
ber to supersonic would only amount to approximately 10 percent c, 
assuming a typical transonic aerodynamic-center shift of approximately 
16 percent c. This fact, plus the reduction in trim drag realized 
from comparison of canard arrangements with conventional tail-rearward 
configurations, appear to make this type arrangement promising from 
performance and stability viewpoints. It must be kept in mind, however, 
that some type of stability "fix" would probably be required to reduce 
the nonlinearities encountered at the high lift coefficients. 

Figure 4-5 presents the span-load distribution for configuration I 
with the wing swept back 25° and 75° as calculated by the methods of 
reference 9- Wing alone aerodynamic- center locations and lift-curve 
slope are also presented in the table included In figure 45. The cal- 
culated loadings are based on the areas and spans of the respective 
wing in question, as indicated by the figure. 


Lateral-Directional Stability and Control 

None of the configurations tested indicated any unusual lateral 
or directional stability characteristics. (See figs. 17 to 20, 40, 
and 4l.) Adequate directional stability was maintained to angles of 
attack of 20° or better which should cover the range of acceptable 
landing attitudes. Positive effective dihedral was obtained over 
approximately the same range of angles of attack. 

Figure 4l presents the effectiveness of the roll-control tail 
(differential deflecting of the horizontal tail) for configuration II 
with the wing in the 7O.5O 0 sweepback condition. Wing-off results are 
also presented and illustrate the effect of the wing in delaying the 
reduction in roll effectiveness to higher angles of attack. This is 
apparently due to wing downvash allowing the tail to operate in the 
linear portion of its lift curve . 
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The yawing moments induced by the roll control tail are also pre- 
■4- sented in figure 4l. Over a good portion of the angle-of-attack range, 

the yaw-to-roll ratio is about 0.3, a value considerably lower than 
that obtained with the configuration of reference 2. This favorable 
condition is probably associated with the shorter wing-tail coup ling 
of the present configuration. At the higher angles the ratio is reduced 
even further due, in part at least, to the horizontal- tail differential 
drag. 


CONCLUDING REMARKS 


These low-speed tests of two types of variable-sweep wings on a 
representative fighter airplane indicated that by careful wing design 
the subsonic longitudinal stability can be maintained at essentially 
the same level for wing sweep angles of 25 ° and 75° for configura- 
tion I; thereby the conclusions previously reached with a simplified 
research model were substantiated. An analysis of the present wind- 
tunnel results for three supersonic designs having combinations of a 
wing and horizontal tail, a wing, horizontal tail and canard surface, 
and a wing and canard surface has been made for the configuration 
having an outboard pivot location. The combination of wing and canard 
surface indicated reduced static margin with increasing sweep. This 
fact may have important implications regarding reductions in the tran- 
sonic stability shift and reductions in trim drag at the design Mach 
number which were realized from use of a canard surface. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va., May 13, i 960 . 
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(a) Wing swept back, = 43. 03 °. L- 59-8260 



(b) Wing swept back, = 70.5O 0 . 


L- 59- 8262 


Figure 5.- Photographs of configuration II, showing wing in 70. 50 ° and 

43.O3 0 sweepback conditions. 
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The effects of wing sweep in the longitudinal aerodynamic characteristics of configu 
ration I with canard surface off and horizontal tail on. T t = 0°; = 0 . 





Angle of a ttack ,a,deg Lift coefficient 
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Figure 7.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character 
istics of configuration I with canard surface off. A^g = 25 • 



Angle of attack, a, deg Lift coefficient , C L 
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Figure 8.- The effects of horizontal -tail deflection on the longitudinal aerodynamic character 
istics of configuration I with canard surface off. A TB = 75 • 
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Angle of attack, a, deg Lift coefficient ,c 







Figure 10.- The effects of horizontal -tail dihedral on the longitudinal aer 
istics of configuration I with canard surface on. Ajj; = 75 J 
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Figure 11.- The effects of horizontal -tail deflection on the longitudinal aerodynamic character- 
istics of configuration I with canard surface off. A T ^ = 25°. 
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Figure 13.- Concluded. 
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Figure 15.- Longitudinal aerodynamic characteristics of configuration I vith canard surface off 

and horizontal tail on. 8^ = 0° and -5°; 8>, = 0°; r + = 0°. 
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Figure 16.- Concluded. 
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Angle of attack , a, deg 


Figure 18.- Variation of sideslip derivatives with angle of attack for 
the various component parts of configuration I. A T ^ = 75° • 
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Figure 21.- The effects of wing sweep on the longitudinal aerodynamic characteristics of config- 
uration II with canard surface off and horizontal tail on. IV = 0°; 8>, = 0°. 




llisi 
iiiiSli 

I 


lissjjspjSsiji 


•T Hni-Hi: "jH ~ n 5~ ••■ 




vmmi 


Isas: maun::: 


I 


IBB Slip 


llll 


l=S=§=tfsBtei 


■ - 


guanas as; a; 


aSSSiS 
^ SSSI5 

ooO< 


S " ~ 




a: sgsg g*«- *a 


liililiiiiiiiiisiiisHBBsiiaBtai ■= .- 
I: -:_= f 

I : ■■" '. f". 5 ' ■ BSBif i - ---=;r 5 gjp 3 ; |jjg||!l ali>: Hi -= PBI 

Ir- : § r-„- ~ =~r ”-= - - - . -- --=- r-ian m IHIrs® mm m ISi 


l§S~S§ 


I 

piiHiffilP 

I# ; j 

I 

SSSRBSSSSfeSfiSto* 


MS® 


|_. r i j '-= -? 3 = =■=:■:=■ -^-=^=-" -r = ■=B^!fi l f-Sli=:lfflSilffiBspp 2 i 

iBMM MIgB B af Bg g?Sj jg fl! 


issssa 

iBssap 

illUBBtasaiailS®? 


isaSSMiigl 

71 naagHia n air 

3“"--- == :r spas r.:= ^ gg gss 


sswSrTSi . . . 

“=. 5 S 5 S':= 5 =SL~S-S=SraS 5 SS~~= 3 i 

~ - r - - ----.: -I 

fe#B ill iiiiiBssgsiiiii ms 

~ f-*- V? :: 


1 iilililSsSBHBSBSIS 


fMgB=gi=. 5 |==_- = 

1111111B1B B1..- 


wig gilgj gi; 

I : ISI SB : 11 

IlliiBllllBiMilillilMlllllll-il’:’ jliliilllll l l ll lllllll 

1.3. =I„^5=3s= 

■3|||ggjgg^ggggp|i|g||§pgigpig|p=|pgp S. 5 3=r |jr - : "I 

;=s=ssSS^saSHi==s3i’ , s8gjjf==SSteBB8BBBSSBSBBB!H3!= 

l||i||||||||||i|||||||i: y iiiiigBBg ^ agg ggg ggji ll 


& $ 5? 


io jq ^ ir* s? ■ 

C> ^ > CM C\J W 5 

i 1 r r > 


w 0 ' tueioijjeoo tuauuouu- 6ut got / d 


Angle of attack, a, deg Lift coefficient 





48 


• • • • • • • • • • 

• • • • • • 


• • • « • • 




Figure 22.- The effects of wing sweep on the longitudinal aerodynamic characteristics of config- 
uration II with both canard surface and horizontal tail off. 
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Figure 25.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character - 
' ’ istics of configuration II with canard surface off. Ale = 50.00 . 
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Figure 24.- Concluded. 


IlgfigiPS 


laBBai 


*;E55ia3!!3S~aia;a 


iSasiosaaBassHi 


lam®* 
■isaHKfflB 
miiaiiifflaa® 
laasanaap 




anil 


jjHjaa 


m "■ ■ smm wmmam ,i; ssbbbbi m i wmm 


liBiggsiBSBBBiBBBSBSsasaBBSSBBB 


S8S8888U8BI 


1888881 


iwssmsmmsmmwmmmfmmammms 


■■M BgBBBBBBS3iSBSSiiSSBBBBBBBBBaBBBBB 
S»lsB8SSnBSBl*S8B8BSatB«HPfe“8MBBM»BBgHi 
I - - 1 “ SB i 1 

■HKjBBMSBBBBBHnHS&iSiBBeaBBSBgBffiBB 

■H 


ja 5c jt^aSHttii^r stags 


pBBSlSSB 

■ I 

iligignilBilBHil 




IBSSSSISSsI 

_ _ 


!!!n!niinii!iniH!!!!l!!aiii 


■818S88SH8BBBB8BHnBBB888B8mBiia8P?«88mW&^ ' sfi 

i — i - - r -i t "-i- ■■- ■ - 

3 a ?- .% '-; -'--is u-sM x vjBsbbahbbkbbh; _ _ mm 

i m - - - - - ■ 

— iffiSaBBSBliaBSBBBHBiiSIMSMBSRBBBifK; » ■" ■ - 
H- -■- - ^=8888888=88^88 dsSBSfe - M 

L_ ii mm hhb 

Phapapapf j aa8a»fi888aaw’g:ae , % ! i ! saaEaaB*.iii$f= wmw : - «- 

ft , I.l|, I ,', ill .----„ - ,L SSS" h g, r ‘5ffl!, ,l :!!!i!!!'!! m i'!!!»'!!” , !. ,, l . \ 

■ S3 II- 

^■Ma8BaaaaBBaBa38B8§ - I 

™saaBaamaaaslaaaaaBa«i H asiffiiifflBi»i9igiaiaB.-it 

IjHii BI 1 je* Ba-TAJi. 'I! Ban Hi 18 ii 1 181 1 'i'll 

■hhhhhhbbmh mHHHHI 

I 

HflBBHBBBBr- r s rir-p-'- ' ■— r , - | 

iililiillililil 


tmmw: 
1 l! 

I 


Hi I 

‘-Ea5aa-;»4feisassi5*iprr 

■■m ag ^-•Si^gg “ Tr>- z-m-% 




ianaoaiiniiiai!a!aniiiiaiMmiiigiaiyHiayyu!iiaiaiiimiNfigmaHiiHiyiiuyiiiiHiH!aiinflhiH!a!ii 
atist -- sirsa mmmm mmmmmmm. ~ 

■t~'= | S,T, ,5 =.=n:^R . - ^=;p H : , „ •■ 


NaiiaigiHii|OiiiiHianaiiHaHiii^!!aii|HMmH:i!yitiiliilia|IO|HiirHi; 
BsaasaaaaBgsaaasfiBaasi 
i isaasa*iiiH 

Np“W|;,, , !;■ - - ■ “ ■ ^H 


- 

p« s i«Iiijl 


5 5S£^ tc t t aa: Sp^»gs^;;!Ha:H:il 

- " ~n -■ • 

a ^ as? iHilUH- :;H|; 


. « J _ . 


— . BMpHpBHMI 
I ,$»« s'fe « 

BBBBBttfflBffliBa^aMlW BBBBBBMSBM 

: =Wg.-S?inC ~^Sa3?SS=3=i!t= 


a-a a-a- .• - - 


h\ 

:i]in m: :sirt:ti: 

1 H 

iSiiiiPiiii 

liillilli 

bila-i 


ji - ,r — - — siaaBBH 

mmmmmmmmmmmmmmWSmBmams mmm mmmmmmmmwaBBm 

j - - - --- ■«!=;-- -==-, --,ii~:--s #■ ^--=-r- 

r Baaaaaa m&m -- mmm - mm 

bses isjjgaBHaaa assay# 

sBaaaaaaaaasBBaBssssswssassiaaiiHBaaaaHssaa 
iiigpppaaaaapBBsaaaai ass I M & = I1B - liiilllilaliiii 

lilii!ii« iliil HilB BBBBB aMBB^^BSag8^?BgiagBgBaBSSSSaBHSS 

igaaaai aasaai 


iiiniSi 


. ■ aisiiaasasaBi 

■ipitiiBMMBH 


saaaaaaBi 

■aa aaaaa assKii _ = 

iBaaaaaaBSBBasass^- - - - 

IB - : i 

iSBBBBBBaaaaKBBs i:» as sai 


— 


iaaaaa saiBBi 


” -L ■ 


ilS 

, ''^i, : , - " . - 

- ,B .uw , , IMI r -- n iatr -to ■■=!*. lt _ 3'5 '^P| 

I ■ II ■ 2 mmm r ii - - - m 




l 

I ■ 


^ 


■ 


Figure 25.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character 
istics of configuration II with canard surface off. = 60.50°; T t = 0 . 




Figure 25.- Concluded. 











Figure 26.- The effects of horizontal -tail deflection on the longitudinal aerodynamic character 
istics of configuration II with canard surface off. Ajjg = 70.50°; =0°. 
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Figure 28.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character- 
istics of configuration II with canard surface off. A L g = 70. 50°; = -20°. 




Figure 28.- Concluded. 
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Figure 29.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character- 
istics of configuration II with canard surface on. A T ^ = 30.00°. 



Figure 29.- Concluded 
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Figure 30.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character 
istics of configuration II with canard surface on. =43-03 - 
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Figure Jl.- Concluded. 
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Figure 32.- The effects of horizontal-tail deflection on the longitudinal aerodynamic character 
istics of configuration II with canard surface on. 70*50 • 
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Figure 35.- The effects of wing sweep on the longitudinal aerodynamic characteristics of config- 
uration II with both canard surface and horizontal tail on. T t =0°. 
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Figure 33 •- Concluded. 
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Figure 34 .- The effects of canard-surface deflection on the longitudinal aerodynamic character 
istics of configuration II with horizontal tail on. A T ^ = 70*50°* 
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Figure 35 .- Longitudinal aerodynamic characteristics of the various component parts for configu- 
ration II at 0° control deflection. A Tir = 30.00°. 
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II at 0° control deflection. Attp = 4-3.05' 
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II at 0 ° control deflection. Ate = 6O.5O 0 . 
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Figure 39.- Effect of addition of wing glove on the longitudinal aerodynamic characteristics of 
configuration II with canard surface off. 8^ = 0°; = 0°; = 43.03°. 
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Figure 40.- 


o WBT 0 0 Off 

□ WBT -20 Off 

O WCBT -20 0 


Variation of sideslip derivatives with angle of attack for 
configuration II. Ay.-p; = 70*50°. 
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Figure 42.- Concluded. 
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Figure 4-5.- Variation of static margin, untrimmed. (L/D)^*, and lift- 
curve slope for the two configurations tested with and without 
horizontal tail. With tail on. 5^ = 0°: IV = 0°. 
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Figure 45.- Span-load distributions for configuration I without hori- 
zontal tail and canard surface. A^, = 25 ° and 75°. 
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